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S U 14 Pi A R Y 

T h i s  payer  r jef ines  the  i n i t i a l  r e d i i  o f  i o n i z e d  meteor t raile 
fron: t h e  a n a l y s i s  of gene re l  mpli tude-temporal  c h a r a c t e r i s t i c s  of 
t?e radioechoes oktained i n  th.e f r e c u e n c i e s  f 

For  a n  avera-e h e i g h t  of 06.8 km and a mean v e l o c i t y  of 41 km/sec, t h e  

niean va lue  o f  tl-e i r . i t i a l  r a d i u s  ro = 1 E. ':he dependences of t h e  i n i -  
t i a l  r a d i w  OK h e i g h t  and p e t e o r  v e l o c i t y  a r e  ob ta ined .  

= 31.26 mc, f2 = 46.2 mc. 1 

* 
* * 

Lumerous radar obse rva t ions  of meteors ~ A o w ,  f i r s t  of a l l ,  

t h a t  f o r  a wavelength ,< 6 m t h e  number of radioechoes d e c r e a s e s  

s l i a rp lg ,  and  second ly ,  t h a t  with t'ne i n c r e a s e  i n  v e l o c i t y  o f  w e a k  
L,eteors ( +6 st .ma+-n. I t h e  observed h e i y h t s  are s y s t e m a t i c a l l y  l o w e r  

t h a n  t h e  f o r e c a s t  [l]. These e x p e r i n e n t c l  f a c t s  can be exp la ined  only 
by tLe presence of r r e a t  i n i t i a l  r e d i i  o f  i o n i z i n g  meteor t ra i le .  

R z i s e r  c21 ascumed t h a t  t h e  i n i t i a l  r a d i u s  03 a trail w i l l  be 

o f  t h e  o r d e r  of t - e  l enp tk  of t h e  free p a t h  o f  air molecules a t  t h e  

h e i F h t  of meteor aFpeerance, t h a t  is of s e v e r a l  cen t ime te r s .  However, 

t h e  vapor i z ing  a t o m  have a high k i n e t i c  energy or? account o f  meteor 

body v e l o c i t y ,  and c o n s e m e n t l y ,  t h e  i o n i z a t i o n  r e t e  is h igh  at  t h e  

* IZFi l '2J<IYA I:.!Cfi L' I?iit€I RiWIUSOV 1ONIZIROV~U.N~SYKH IbBTEORNYKH SLEDOV 
I Z  P,2XXLLEL ' f NKH NkBLY TDEIJIY RADIOIGTZCROV IJA DVUIGI DLINAKH VOLN . 
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o u t s e t ,  so t h a t  we m u s t  have, almost i n s t an taneous ly ,  a s p a t i a l l y  d i s -  
t r i b u t e d  i o n i z a t i o n  i n s t e a d  of a p o i n t  source  C31. Manning E41 inves-  

t i T a t e d  t h i s  ques t ion  from t h e  s t andpo in t  o f  t h e  k i n e t i c  t heo ry  of gases  

and he has  shown, t h a t  on account of high i n i t i a l  v e l o c i t y  of meteoric  

atoms, t h e  i n i t i a l  r a d i u s ,  from which the  normal d i f f u s i o n  t a k e s  p l a c e ,  

is reached very  r a p i d l y ;  a t  t h e  same t i a e ,  t h e  va lue  of t h e  i n i t i a l  

radius w i l l  be of t h e  o r d e r  of  t h r e e  l e n g t h  o f  atmosphere molecules' 

f r e e  p a t h  A ,  at the  corresponding he igh t .  S i n c e  radiometeors  are obser-  

ved i n  a narrow a l r i t u d e  i n t e r v a l ,  90- l O O k m ,  where A, v a r i e s  from 

2 t o  10  cm c51, t h e  i n i t i a l  r a d i u s  of i o n i z i e d  meteor t r a i l s  v a r i e s ,  

accord ing  t o  c41, from 6 t o  30 cm. S i m i l a r  r e s u l t s  were a r r i v e d  at 
a l s o  by Loshchilov C63, who i n v e s t i g a t e d  t h a t  ques t ion  wi th  t h e  a i d  of 
atomic c o l l i s i o n s '  theory .  The i n f l u e n c e  of t h e  i n i t i a l  r a d i u s  on the 

ampli tude of t h e  rad ioecho from a nonsa tura ted  t r a i l .  .manifest8 i t s e l f  

when the  r a d i u s  is comparable with the  q u a n t i t y  %/2n . Thus, accord ing  

t o  c41, t h e  i n i t i a l  r a d i i  may be d is regarded  at A >/ 2 m, which is in con- 

t r a d i c t i o n  wi th  experimental  data .  B. L. Kashcheyev and V. N. Lebedine ts  

E73 computed t h e  i n i t i a l  r a d i u s  of t h e  t r a i l  more s t r i c t l y ,  determining 

t h e  l e n g t h  of  t h e  f r e e  pa th  of i o n s  and atmosphere molecule6 r e s p e c t i v e l y  

by t h e  d i f f u s i o n  c r o s s  s e c t i o n  for i o n s  and atmosphere molecules. They 

found, t h a t  account ing  of  t h e  aependence of t h e  l e n g t h  of t h e  f r e e  p a t h  

of i o n s  on v e l o c i t y  l e a d 8  t o  the  i n c r e a s e  of  t h e  i n i t i a l  r a d i u s  by compa- 

r i s o n  w i t h  t h e  Manninq c a l c n l a t i o n s  f41. 
Greenhow and H a l l  c81 mate r i a l i zed  an exper imenta l  method for t h e  

d e t e r d n s t i o n  of t h e  i n i t i a l .  r a d i i  of meteor ti&%=, Canducthg parellel 

o b s e r v e t i o n s  o f  t h e  same meteors provid ing  nonsa tura ted  t r a i l s  a t  wave- 

l e n g t h s  of 17 and 8mete r s .  According t o  t h e i r  d a t a ,  t h e  i n i t i a l  r a d i u s  

v z r i e z  from 1 t o  3 m between the he igh t s  of 90 and 115 km, t h i s  va lue  

b e i n g  independent from meteor v e l o c i t y .  

B. L . Rashcheyev and V. N . Lebedinets  c73 a l s o  conducted expe r i -  

menta l  measurements of the  i n i t i a l  r a d i i  of trails i n  t h e  wavelengths 

of 8 and 4 m .  For an average he igh t  of 95 km t h e y  obta ined  ro = 80cm, 

which ag rees  s a t i s f a c t o r i l y  with t h e  t h e o r e t i c a l  f o r e c a s t s .  However, t h e  



aeasured  dependecce of ro on the  g e o c e n t r i c  v e l o c i t y  of t h e  meteor 
w a s  found t o  be sonewhat l e ~ s  than  t h e  t h e o r e t i c a l .  

The re fo re ,  i n  s p i t e  of the f a c t  t h a t  t h e  r a d a r  method of de t e r -  

n i n a t i o g  of the i n i t i a l  r a d i i  is the  xost r e l i a b l e ,  only two experiments  

have been c a r r i e d  o u t  to-date 'tihen de terminin?  the  o r d e r  o f  ma;nitude, 

bo th  experiments  gave c lose  r e s u l t s  However, t h e  obta ined  dependence 

02  t h e  i i x i t i a l  r a d i u s  OP v e l o c i t y  is q u i t e  d i f f e r e n t .  Thus,  a d d i t i o n a l  

e x y e r i z e n t s  a r e  necessary ,  by veg of pa ra l l e l  obse rva t ions  i n  t w o  wave- 

l e c r t h s ,  and p r e f e r a b l y  i n  anotl:er f reauency band. 

NETBOi) OF TILL EXP2I<IIX?I' .- -- ---- --- --- 

I n  case o f  n o s a t u r s t e d  meteor trails, t h e  pover of t h e  r e f l e c t e d  

LciTna1 a t  r e c e i v i n g  de-,rice i n p u t  i s  C73: * 

where I ir t!~e Z r e s s e l  i n t e c r c d  7 i i t l ;  a weight f a c t o r  

Here PIT is t h e  power of t h e  t r a n s r i t t e r  i n  t h e  iiiigulse; G is 

t 3 e  an tennz  d i r e c t i o n a l  a c t i o n  f a c t o r ;  A is tile wavelength; a is  t h e  

l i D e e r  e l e c t r o n  d e n s i t y  i n  t h e  t r a i l ;  R is t h e  s l a n t  range;  e and rn 
e r e  r c r T e c t i v e l y  t h e  c ta rTe  and tke m a s s  0;' t h e  e l e c t r o n ;  c i s  the  wind 

v e l o c i t y ;  ro is  t:-.e i i i t i a l  r a d i x  of t5e t r a i l ;  D i s  t h e  d i f f u s i o n  coef-  

f i c i e n t ;  V is t h e  meteor v e l o c i t y ;  6 is  t h e  d i s t a n c e  a long  t h e  trail's 
axis f r o x  tke  k a s e  of ii perpendicular  t o  the  t r c i l  from t h e  s i t e  of t h e  

rtdar stat5.cn, tc? ?.he given poin t  of t h e  t r a i l  i n  t h e  d i r e c t i o n  of motion 

of t h e  meteor;  B~ is t h e  coord ina te  of th.e FosFt ion of trcil's head. 
An approximate exs re s s ion  f o r  111 max i s  piven i n  Cgl . 

~~ 

* p s t e n d s  f o r  PreC, end F, -for P 
lrD power 
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From (1) and ( 2 )  t h e  maximum power of t he  r e f l e c t e d  s i g n a l  is 

Accordinq t o  ( k ) ,  t3e r a t i o  of maximum ampli tudes o f  t h e  rPdio-  

echo i n  two v!avelen$hs is 

and hence t h e  initial r a d i u s  of t h e  tr,.il is 

'IS 

(6). 
+ In - Gi + In ~(Az) - l n I ( A i ) ]  . 

G2 

As fol lows fron: (61, knowin5 t h e  appa ra tus '  parameters ,  t h e  

a - T l i t u d e s  of  rad ioechoes  i n  two wzvelengths,  t h e  s l a n t  range and t h e  

v e l o c i t y  01 zi:e meteor,  one nay determine t h e  i n i t i a l  r a i i u s  of t h e  

i o z i z e d  meteor t ra i l .  

A s p e c i a l  apparat:is raf desi-ned t o  t h a t  e f f e c t ,  w:iich pe rmi t s  

t o  o k t z i n  a m l i t u d e - t e n -  -el c h a r e c t e r i F t i c s  from t h e  sene meteor trail 
i n  two ~ ~ z v e l e n ~ t h a .  

The parar ie te rs  of  our conplementary r a d a r  i n s t a l l a t i o n s  a r e  : 

ce r ry in r :  f r ccuenc ie s :  f l  -31.26 mc ( X1 = 9.591, f2  =46.2 mc ( A, ~ 6 . 4 9 ) .  
t l  e freouei i i ;g  c ; f  -,ulse repetition Ss 500 sendings  per second,  each f i f t h  

one b e i n s  doubled; d u r a t i o n  of emi t ted  pu l ses  is 10 s e c ,  wi th  power i n  

p u l s e s  be ing  r egu lh ted  w i t h i n  the  range 204- 40kw, t h e  s e n s i t i v i t i e s  

of the  r e c e i v e r  a t  doiible excess  of  s i z n a l  over  n o i s e s  are 3 microvol t .  

S e p a r a t e  a n t e n n s  of t h e  wave type , a i t l i  4 elements  and s i t u a t e d  at 0.5 
above an even s u r f a c e  of 6 0  x 60mdimensions and o r i e n t e d  westward. The 

i n d i c a t o r  dev ice  i n c l u d e s  t w o  double-beam tubes ,  i n  wliich two beams are 

u t i l i z e d  f o r  t h e  de te rmina t ion  of slant ranges ,  and t h e  remaining two, 
( o f  slow scanning:  - f o r  t h e  de te rmine t ion  of amplitude-temporal cha- 

r a c t e r i s t i c s .  The d u r a t i o n  of slow scannings  is 0.11 6ec.  Owing t o  the 
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s e l e c t i o n  ol such  d u r z t i o n ,  ttiere is a p o s F i b i l i t y  of measuringa t h e  ve lo-  

c i t i e s  of meteors.  The informat ion ,  ob ta ined  i n  t h e  form o f  acplitude-tem- 

por.1 c h a r a c t e r i s t i c 6  of  radiowaves,  is a u t o m a t i c a l l y  photographea from 

the sc reen6  of  t he  i n d i c a t o r  device ,  

As t o  t h e  method of s imultaneous obse rva t ions  of rad iometeors  i n  

two wavelencths ,  i t  c o n s i s t s  i n  the fol lowing.  The synchron iz ing  device  

works o u t  arrow p u l s e s  with a r e p e t i t i o n  frequency of  500 pulse/sec f o r  

t he  synchron iza t ion  of t h e  o?era t ion  of t r a n s m i t t e r s .  Fulses of 100 pulse/ 

sec. f requency s e r v e  t o  t r i r z e r  r a p i d  scann ings  of t h e  i n d i c a t o r  dev ice ,  

by which t h e  s l a n t  range t o  t h e  meteor t r a i l  is  determined. The d u r a t i o n  

t t 

Fig ,  1 

of  t h e  r a p i d  scar-:.tn. E c1Lows t o  d e t e r n i n e  unambiguously t h e  range oi-er 

a d i s t a n c e  of 500 kn. The unambiguous d e t e r d n a t i o n  ol” t h e  range  at  h igh  

r e p e t i t i o n  frequency o f  pu l se s  i s  p o s s i b l e  owing t o  t h e  coding of t h e  

e m i t t e d  p u l s e s  ( eve ry  f i f t h  pulse  i s  doubled) .  The broad p u l s e s  of  nega- 

t i v e  p o l a r i t y  r 5 t h  the  frequency of 500 pulee/sec ere f ed  t o  r e c e i v i n g  

d e v i c e s  to qQench t h e  souqiin.: Du lFes  d u r i q  t r a n s m i t t e r  ope ra t ion .  
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From r e c e i v e r  ou tput  t h e  s i g n a l s  are f ed  t o  t h e  n o i s e  suppres s ion  u n i t  

and t o  a m p l i f i e r s  of t h e  i n d i c a t o r  channels .  The no i se  s u p p r e s s o r  ope- 

rates on t h e  p r i n c i p l e  of  s e l e c t i o n  by dura t ion .  I n  the  presence of a 

useful s i y n d  a s t andz rd  s i g n a l  appears  i n  any one of t he  r e c e i v e r s  at  

the output  of t h e  no i se  suppress ion  u n i t ,  t r i g y e r i n g  slow ecans of  t h e  

i n d i c a t o r  dev ice .  

N 

Pi,-. 2 Fig.  3 

The observa t iop  was cmducted  i n  October-Decembe r 1963, for 
a t o t a l  d u r a t i o n  of 1 4  hours .  1660 rad ioechoes ,  v z l i d  f o r  p rocess ing ,  

were s o r t e d  on t h e  9 - r e t e r  i s t a l l a t i o n  and 9312 - on the €-meter one. 

As a r u l e ,  a rad ioecho a-ppesring on t h e  (+meter i n s t a l l a t i o n ,  appears  

a l s o  on t h e  6-meter one. Ti..at is why 930 echoes were common. From t h e  

t o t 7 1  number of t e r e r i . c t e re?  rad ioechoes  s h a r p l y  e x p r e s s e d , d i f f r a c t i o n  

pkenomena rere  obta ined  i n  the g r o c e s s  of t r a i l  formation i n  300 meteors 

on 9 m and 170 - on 6 Y .  

For  t h e  de te rmina t ion  of t h e  va lue  of t h e  i n i t i a l  r a d i u a  of t h e  

t r a i l  from tile t o t a l  a p l i t u d e - t e K p o r a l  p a t t e r n 8  obta ined  i n  t h e  two 
wavelenyths ,  50 rad ioechoes  were s o r t e d  from nonsa tu ra t ed  meteor t ra i ls .  
The e x t e r n a l  shape of the  erIF~.itucie- temporal c h a r a c t e r i s t i c  and t h e  va lue  

o f  t h e  d i f f u s i o n  c o e f f i c i e n t  se rved  as t h e  c r i t e r i o n  f o r  s e l e c t i o n .  

The d i f f u s i o n  c o e f f i c i e n t  w a s  determined by tile exponen t i a l  drop o f  t h e  

a n p l i t u d e ,  as w e l l  as by t h e  amplitude r a t i o  a t  time o f  t h e  f i r s t  and 

second m a x i m a  of  t h e  d i f f r a c t i o n  pat tern.Anexample of  s u c h  a rad ioecho 

is p resen ted  i n  F ig .  1, 
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r ' r o s  t::e d i s t r i b u t i o n  of m p l i t u d e s  of radioechoes from s t e a d y  me- 

t e o r  t r a i l s  ( F i r .  2) i t  is  e s t a b l i s h e d ,  t h e t  t h e  s e n s i t i v i t y  of t:ie +meter 
i n s t r l l a t i o n  d i j f e r s  from t h e  6-neter one by a f a c t o r  of 1.3. Th i s  s e n s i -  

Livit-7 f 7 c t o r  v s  tzken i c t o  accouzt when de te r r in in r r  t h e  amplitudes and 

that,  ix ~ b p  t h e  equat ion  (6) f o r  our  case is s i a u l i f i e d  as follows : 

T h e  he igh t  oi' %?e r e f l e c t i n g  p o i n t  on t h e  t r a i l  w a s  determined 

by t h e  va lue  o f  the ambipolar d i f f u s i o n  c o e f f i c i e n t  [lo1 

- I O 3  (m). 
lg D + 5,563 

0.OG79 
h =  

The ma;: veluc- oL v e l o c i t y  f o r  50 meteors is 41km/eec. The mean 
va lue  of  t h e  c o e f L i c i e n t  of axbiFolar  d i f f u s i o n  D = 8.2 m 2 /sec,  which 

corresnoncis t o  h = 96.3 km. The mean value of t h e  i n i t i a l  r a d i u s  r o + l  m. 

n e t e o r  t r a i l  on heip;ht accordir..: t o  measurements at three p o i n t s  : 

J o d r e l l  EA& [ ? I ,  Rhar'kov [ T I ,  and IIiyev. The  mean va lues  of  t h e  i n i t i a l  

r a e i i  r e r e  obteinei!  a t  Kber'ltov f o r  t h e  mean v e l o c i t y  o f  32 km/sec, in 
'Xiyel: - 41 k-;/Fec arid a t  J o d r e l l  ?ar?k, ani-Rrently 

;la follorz fro(-i  li-. 3 ,  t h e  expe r i aen ta l  po in t6  f i t  s u f - r i c i e n t l y  well 
t::e l h e ,  a2proximated by t b e  equat ion 

P l o t t e d  i n  XE; .  3 is tke deFendence of  t he  i n i t i a l  r a d i u s  of t h e  

for - 60ka/sec. 

ro N po-0*B' (9) 
-0.39 

0 -  e wbich d i f i e r s  from t h e  exyreszion bi=ou:;l"lt rut fc? E83 ! r 9 

w3ere p is t h e  atmosphere dens i ty ) .  

It i E  necessary t o  t ake  i n t o  account  t h a t  t h e  v a r i a t i o n  of t k e  

i n i t i a l  r a d i u s  with t h e  change of h e i g h t  t a k e s  p l ace  no t  only as a conse- 

quence of t h e  v a r i a t i o n  of the  l e n g t h  of t h e  f r e e  path of air par t ic les ,  

bu t  a l s o  OI! account of va r i a t io r ,  of t h e  i n i t i a l  energy of vapor i z ing  mete- 

o r i c  atoms, f o r  t he  lcean height  of a radioecho i s  a func t ion  o f  meteor 

v e l o c i t y .  
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A l l  measurenerts were e q u a l l y  accu ra t e .  /dD 

IZ8- 
'."hen pass ing  t o  normal eaua t ions ,  i t  W a 8  ta- 
ken i n t o  account t h a t  t h e  method o f  l e a s t  

s q u a r e s  is i n a p p l i c a b l e  i n  its pure f o r a  /QD 

i n  tiie presence of  coord ina tes '  t ransfoF;--  

a t i o n  (we paszed from r and V t o  k = ?P: r 
88 

and 5 = l o g V ) ,  s i n c e  t h e  func t ion ,  s a t i s -  60 

- ' 0  0 

0 0  

/ - 
0 - 00 

0 

0 

0 0  

0 

I I 

80 - 

SUEIS o f  "mis f i t "  squa res  i n  the coordina- 

t e s  ( ? , S I  Will not  s a t i s f y  such a condi- 

t i o n  a f t e r  t r a n s i t i o n  of  b a s i c  coord ina te s  . 
('ee c111). The obta ined  depecdence 

is aFproximated by t h e  equat ion  

r; F (V) is p l o t t e d  i n  Fig. 4; i t  

ro - VO.33. (10) 

As fol lows from C l O l ,  t h e r e  e x i s t s  a dependence of tiie i n i t i a l  

radiu,r of t h e  t r a i l  on meteor v e l o c i t y ,  which co r robora t e s  t h e  experi-  

a e n t a l  d a t a  of  t h e  work c73 a n d  d ive rges  from those  of work C83. Note, 

hoc-ever, t h a t  t h e  dependence obtained by u6 is no tab ly  weaker than w a s  
e r p e c t e d  according t o  c71. 

The au tho r  acknonledges t h e  h e l p  a f fo rded  by B . I .Pe l8n ikov  i n  

t h e  process ing  of observa t ions .  

Con t rac t  No. NAS-5-376G 
Consu l t an t s  and Des igners ,  Inc.  on 12 - 13 July, 1965 

Arl ing ton ,  V i r y i n i a  

Trans l a t ed  by ANDRE L. BRICHANT 
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